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Description 



PRODUCTION OF DIPHTHERIA TOXIN 

Background of Invention 

[0001] Diphtheria is a life-threatening disease caused by infec- 
tion with Corynebacterium diphtheriae, a gram-positive, aer- 
obic, rod-shaped bacterium. The disease is caused by lo- 
cal invasion of nasopharyngeal tissues by toxin-producing 
strains of C diphtheriae. The organisms grow in a tough, 
fibrinous membrane overlying a painful, hemorrhapic, and 
necrotic lesion, which may be located on the tonsils or 
within the nasopharynx region. During typical epidemics 
of the past, the spread of the disease was by droplet in- 
fection. Patients who recover from diphtheria may carry 
toxigenic bacteria in their throats and nasopharynx for 
weeks or months, unless Intensively treated with antibi- 
otics. 

[0002] Most of the clinical symptoms of diphtheria are due to the 
potent diphtheria toxin produced from corynebacterio- 
prophage carrying the roxgene. After the prophage infects 
the C diphtheriae strain and lysogenization has taken 



place, the strain becomes virulent. Toxin neutralizing an- 
tibodies (antitoxin) induced by active immunization witli 
non-toxic forms (toxoids) of the diphtheria toxin can pre- 
vent diphtheria. The current immunization strategy is the 
utilization of diphtheria vaccines prepared by converting 
the diphtheria toxin into its non-toxic, but antigenic, tox- 
oid form by formaldehyde treatment. The diphtheria tox- 
oid is used in various combinations with other vaccine 
components for mass immunization worldwide. The World 
Health Organization (WHO) recently estimated that about 
100,000 cases worldwide and up to 8,000 deaths per year 
are due to decreased immunization of infants, waning im- 
munity to diphtheria in adults and insufficient supply of 
vaccines. 

[0003] The variant of the Parke Williams 8 (PW8) strain of 

Corynebacterium diphtheriae is often used to produce the ex- 
otoxin from which the toxoid is prepared by chemical 
modification. In general, a medium formulation with 
amino acids, trace vitamins, inorganic salts and a carbo- 
hydrate source such as maltose promotes excellent 
growth of the bacterium. Different media, such as the acid 
digest of casein and the enzymatic digest of beef muscle 
(trypsin or papain) are suitable media for toxin produc- 
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tion. In conventional methods, the bacteria are cultivated 
in media containing proteinaceous material of animal ori- 
gin. A commonly used medium in diphtheria production is 
the NZ-Amine Type A medium, which contains a casein 
digest. Under optimal conditions, the amount of toxin 
produced using NZ-Amine Type A media is 180 Lf/mL us- 
ing the Limes of flocculation method. (References 1-3, - 
Throughout this application various references are re- 
ferred to in parenthesis to more fully describe the sate of 
the art to which this invention pertains. Full bibliographic 
information for each citation Is found at the end of the 
specification, immediately preceding the Claims. The dis- 
closure of each of these references are incorporated by 
reference into the present disclosure). 

[0004] The use of proteinaceous material of animal origin can re- 
sult in the introduction of undesirable contaminants into 
the diphtheria toxin produced using such a medium. 

[0005] The preparation of nutrient culture media from germi- 
nated seeds of Lupinus luteus (soybean extract) was used in 
a medium for the growth of C diphtheriae by El Kholy et al 
1967 (Ref. 4). Although the bacteria grew well the produc- 
tion of diphtheria toxoid was minimal. El Kholy and 
Karamya (1979) (Ref. 5) concluded that sapponins in the 



soybean extract were an inhibitor of toxin production. 
Taiia and Klioiy (1985) (Ref. 6) autoclaved soybeans prior 
to successive extraction by boiling water to give an aque- 
ous extract tliat yielded a toxin witli an Lf value compara- 
ble to the control (meat broth), supposedly due to the de- 
struction of thee trypsin inhibitor by the steam autoclav- 
ing and reduction in the saponin content of the extracts 
by the successive boiling. Acidic extraction of soybean 
meal at pH 4.6 resulted in extracts with Lf values, which 
competed with Lf values of the control (meat broth), be- 
cause both the saponins and the trypsin inhibitor are ex- 
tracted in limited amounts at this pH. 

[0006] international patent application WO 00/50449, published 
31 August 2000 of Wolfe et al and assigned to NYCOI^ED 
IMAGING AS describes media and a process for the pro- 
duction of diphtheria toxin. All media described in WO 
00/50449 contain casamino acids which are obtained by 
the acid hydrolysis of the milk protein casein. Accordingly, 
all media described in WO 00/50449 contain proteina- 
ceous material of animal origin. 

[0007] International Patent Application WO 98/541296, pub- 
lished December 3, 1998 of Oliveri et al and assigned to 
Chiron S.P.A. describes a medium for the production of 



diphtheria toxin that contains Soytone. 
[0008] Analogs of diphtheria toxin have been described (see for 
example Ref 7) which are non-toxic and are often referred 
to as CRMs (cross-reacting materials). Examples of these 
are CRM-197, CRM-9, CRM-45, CRM-102, CRM-103 and 
CRM-107. 

[0009] There remains a need for a bacterial growth medium sub- 
stantially free or devoid of animal-components for the 
cultivation of C diphthehae and the production of diphthe- 
ria toxin and analogs thereof. 
Summary of Invention 

[0010] The present invention is concerned with a growth medium 
and process for the production of diphtheria toxin and 
analogs thereof. 

[001 1] In a first aspect of the invention, there is provided a cul- 
ture medium for producing diphtheria toxin or analog 
thereof wherein the medium is substantiality free of ani- 
mal-derived products and comprises water; a carbohy- 
drate source and a nitrogen source, a number of free 
amino acids in an initial concentration wherein the initial 
concentration of each free amino acid is not limiting for 
the level of production of the diphtheria toxin or the ana- 
log thereof. The culture medium may comprise all natu- 



rally occurring amino acids and the carbohydrate source 
may comprise maltose and the medium may be free of 
glucose. The nitrogen source may comprise yeast extract. 
The culture medium may be devoid of animal-derived 
products. 

[0012] In a second aspect of the invention, there is provided a 
culture medium for Cor)mebacterium diphtheriae comprising 
a carbohydrate source and a nitrogen source and an addi- 
tive system that comprises at least four free amino acids 
being each in an amount sufficient to promote a level of 
diphtheria toxin or analog thereof production by 
Corynebacteriumdiphtheriae wherein the medium is substan- 
tiality free of animal-derived products. The culture 
medium may comprise ail naturally occurring amino acids 
and the carbohydrate source may be maltose. The nitro- 
gen source may be yeast extract. Suitable amino acid con- 
centrations are in the range from about to 0.5 grams to 
about Igram per litre of the medium. The culture medium 
may be devoid of animal-derived products. 

[0013] In a third aspect of the invention, there is provided a 

method for the production of diphtheria toxin or analog 
thereof comprising the steps of culturing a strain of C 
diphtheriae in any culture medium as provided herein. The 



C. diphtheriae strain may be grown until stationary pliase 
and a production of at least 100 Lf/mL of diphtheria toxin 
or analog thereof may be obtained. The diphtheria toxin 
or analog thereof may be recoevered, purified and detoxi- 
fied to provide a diphtheria toxoid which may be formu- 
lated as a vaccine for immunizing a host against disease 
caused by infection by C. diphtheriae. 

[0014] In a further aspect, the present inventnion extends to a 
method of immunizing a host against disease caused by 
infection by C. diphtheriae comprising administering the 
vaccine as provided herein to the host. Thus, the vaccine 
as provided herein can be used for immunizing a host 
agaisnt disease caused by infection by C diphtheriae and 
the diphtheria toxoid as provided herein can be used in 
the prepration of a medicament for immunizing a host 
against disease caused by infection by C. diphtheriae. 

[0015] in a further aspect the present invention provides a com- 
position comprising a C diphtheriae strain and a culture 
medium as provided hereinin a further aspect the present 
invention provides a method for producing diphtheria 
toxin or an analog thereof comprising growing a culture 
of Corynebacterium diphtheriae in a medium and providing at 
least one selected amino acid to the culture to prevent 



concentrations of the selected amino acids being limiting 
for toxin (or analog thereof) production wherein the 
medium is substantiality free of animal-derived products. 
The medium may further comprise a yeast extract at for 
example a concentration of about 3g/L 

[0016] In a further aspect the present invention provides an im- 
provement in a culturing method of Corynebacterium diph- 
theriae in a medium containing amino acids for producing 
a level of production of diphtheria toxin or an analog 
thereof and in which at least one selected amino acid is 
depleted during the culturing and limits the level of pro- 
duction of the diphtheria toxin or the analog thereof, the 
improvement comprising an exogenous addition of an ad- 
ditional amount of the at least one selected amino acid 
during said culturing and wherein the at least one se- 
lected amino acid is not limiting for the level of produc- 
tion of the diphtheria toxin or the analog thereof. 

[0017] The at least one selected amino acid may be selected from 

the group consisting of Glu, Asn, Ser, His, Gly, Thr, Met, 

Trp, and Isoleucine. 
Brief Description of Drawings 

[0018] The present invention will be futher understood from the 
following description with reference to the drawings, in 



which: Figure 1 is a graph showing the variable-interaction 
effects in the toxin yield by the yeast extract-amino acid 
interaction effect;Figure 2 is an SDS-PAGE analysis of 
diphtheria toxin and toxoid produced using the animal- 
component containing and animal-component free me- 
dia;Figure 3 is a Western Blot analysis of diphtheria toxin 
and toxoid produced using the animal-component con- 
taining and animal-component free media;Figure 4 is a 
Isoelectric gel analysis of diphtheria toxin and toxoid pro- 
duced using the animal-component containing and ani- 
mal-component free media;Figure 5 shows the circular 
dichroism of diphtheria toxin produced using the animal- 
component containing and animal-component free me- 
dia;Figure 6 shows the circular dichroism of diphtheria 
toxoid produced using the animal-component containing 
and animal-component free media; andFigure 7 shows the 
circular dichroism of diphtheria toxoid produced using the 
animal-component containing and animal-component 
free media at the 200L scale. 

[0019] 

Detailed Description 
[0020] Formulation of animal component-free amino acid medi- 



aNZ Amine is a source of amino acids and peptides pro- 
duced by the enzymatic digestion of casein. It is a good 
source of botli amino nitrogen (free amino acids) and or- 
ganic nitrogen (peptides). Anotlier source of amino acids 
and peptides in C diphtheriae media for tlie production of 
diplitheria toxoid is tlie animal-derived Toxiprotone-D. 
The compositions of these media are shown in Tables and 
below: Com^05zfi'oM of the NZ amine Containing Medium 

[0021] 

Table 1 . Composition of the NZ aaune Contaimng Medium 



Ingredient 


. Quantity per Liter 


NZ Amine 


30g 


Acetic acid 


7.2 mL 


Maltose 


25g 


Growth Factors 


8mL 


10% L-Cystine 


2 Ml 


60% Sodium Lactate 


1.7 Ml 


PH 


1.5 



[0022] 



Table ?. Goinposition of the growth^^f^ 



[0023] 





Ingredient . 


Quantity 






Magnesium sulphate 


■• 225 g. 




• 


,■■ Beta' Alanine •• 


2.30 g 






rimeiic acici 


0.15 g 






Zinc suipnate 


A OA ^ ' 

0.80 g 






Copper sulphate 


0,50 g 






Manganese chloride 


0.24 g:.; 


• 




Nicotpic acid 


46 g 






Hydrochloric acid, concentrated 


30mL j 






Water for InjectiGtt 


1 AAA *viT ' 




Table 3 . Composition of die Toxiprotone ( 


Coniaiimig; Me 


dimn 


Media componfetit ' • • 


Quantity (g/L) 




52.5 g: • 


SOLUTION DEXpOSl-^MIN^^ ACm$ 




Beta cyclo dextrin . . . 


1.7. ■ 


Glucose ffiohydrpus! 






His':.- ■-■ 


5.55..--- 


L-Asparagine: 




L-Glwtaittiine 


8.3. ■■■ 


Glutamic acid : - 


;2.8;- 


ircysteine •■■ 


0.55 


MMtosergrowfc factcff soMoii 


28.9 - 



[0024] Formulation of animal component-free amino acid medi- 
aln the preparation of the amino acid media, the approach 
was to select the higher concentration (mM) of each of the 



amino acids in botli tlie Toxiprotone-D and the NZ-Amine 
animai constituent containing medium to produce a 
medium that could support growth and toxin production 
by C. diphtheriae. 

C. diphtheriaewdis grown in NZ-Amine containing medium. 
Several amino acids were Identified at different time inter- 
vals (24, 30 and 41 hours) to be consumed during fer- 
mentaion (Table 4). 

Table .4: . con^s^pR -by :;PEPLb in tbe TpaSp«)tO!B^l>. aoiiml coroboneiit :• 

(Toxipiotonfe-p), Mid % NZ ss^je^ifi^ and the cpnsumptkwDi.o^^ aminos 



■ Samples' , ■ - ■ '- 




GLtJ 


ASN 


SER 


GLN 


HIS 




THR 


ALA 


ARG 


TYR 


NZ Amine Dijjh-20L-ll -Tr»0 


Mi 


8.59 


4.65 


4.6 


0 


2;0.8 


149 


. :4.2 


5.34 


4.89 


3.29 


" . Dipli-20L-11T^24 ; . , 


0.51 


145 


"■>;"'0 


0.3 


0 


1.85 


334 


"2.91 


11.7 


.3.85 


2.72 


; : Diph^OW I T=r30 


0.26 


1;06 


. 0 




. 0 


■1.3 


,3^il 


1.03 


15.4 


3.29 


2.48 


I)iphr20E-iFT==41 i. 


0.17 


0,95 


0 


0.2 


P 


0.53 




0.21 


9.67 


2.14 


.1:32 


























. f pxiprotone D 


1.32 


3.23 


1;44 


.3:6 


0.63 


146 


. ;3.5 


2.66 


7.61 


.9.12 


1.92 



Samples 


VAL 


MET 


TRP 


PHR 


Tr,F, 


T,F,TT 


LYS 


PRO 


NZ Amine DiDh-20L-l 1T=0 


733 


3.47 


1,27 


.5.6 


• 5,3 


13,8 


10 


1.9 


. JDioh-20L-H.T=24hrs 


:f.58 


2.68 


0:62 




481 


■HI 


8.22 


4.77 


: Diph-20L4l T=30 hrs 


\7..67 




\037 


4:57 


4.7i 




m 


6.9 


Diph-20tll T^IHrs 


3.61 


0.7 




2:59 


1.76 


5.42 


7.37 


6.75 




















^ ^OMProtohfeD Solution ... 




2.29 


'1.02 


2.8 


2;7 


.6>94 


3.77 


,1^ 



AiEun0 Acid«»cehtratio#^^^ ^ ' 



[0027] By correlating the consumption of amino acids and toxin 



[0025] 



[0026] 



production, fermentation experiments were performed 
with tlie following medium containing the amino acids 
Asn, Glu, Ser, His, Gly, Thr, Met, Trp, Iso and Leu. 

Table .5. : ; .• Conipositioh of fte gnwrflj medium confainin® the amino acids Asiij Glu, Ser, 
. • His, Qly, tiff. Met, Tip, Iso.andLe^ ... 



Ingredient 


Quantity 


Acetic Acid 


,7.2 mL 


Maltose 


25 g •: 


60% Sodium Lactate : 


1.7 mL 


Growth Factor Solution 


8mL 


1 0% L-Cystine (animal component- 
free) 


2 mL ; 


L-Glutamie acid 


Ig 


L-Asparagine, Monohydrate 


0.5g 


L-Serine 




L-Histidine 


0.5s 


L-Glycine 


0.5g 


L-Threonine 


0.5g 


L-Methionine 


0.5g 


L-Tryptophan 


0.5g 


L-IsoIeu<5ine 




Water for Injection to 1 000 mL 





[0028] However, using only these few amino acids did not result 
in cell growth or toxin production. 

[0029] A medium (COM) was devised that contained all of the 
naturally occurring amino acids. All the amino acids are 
from non-animal sources. The composition of this 
medium is shown below in Table 6 below. 











"^iMMttike " . ' ' ;'•*'•:;'•■ 




60% Snrliiini I -jJi^tatp 


1 i^t ' 

I*/ niL . ; 




O TUXj. . 




. z nuL 




3g 














■ T ^Sftrinp* - • ^' • 




•T."01fltiiTiiiitii* ! 






A <rT 


'•'I>fttvhiiip * * • • ■ " ' 


A fir* 


J.^*" i. lit <&UillXlC . , . T ^ . 


■A'Crr- ' 


L-Arritiiiie • * ■ ' . • . 


■iS/ 


*L-Valiiie- ' •■•■*'". ••. 


IS 


L-Trvntoohaii 


ft 


IdPhenyklam . V; ; ; . s 


ig - 


■:lWs61eucine." ' 'r:- :' 




L-JLeucine • : 


■2g , 


L-Lysine Hy(irochloride 


;2s" ■ 


•LrPiralihe':. " ■ 'y'-/ : :- , 




B-Alanihe 


0.5g - 


L-iTyrdsinev" - - *.■. ": 7; 




L-Methiohine ; 


0*5g 


Water for Iniection to 1 000 mL . / 





Comparativeanalvsis of feirmientation batchies oft, <:?tDfe?feme strain peifomieda^ 
Scale ifeinem amme or ToTa^t^^^ . . . v . . , 

[0030] Fermentation using tlie NZ Amine Containing IVlediumIn a 
first pre-Culture a lyopliile seed was propagated from a 
lyopliile seed to a Loefflers slant where tlie culture was 
grown for 22 ± 2 hours at 36 ±2 °C.ln a second pre- 
Culture, after 22 ± 2 hours of incubation, the cells from 
the slant were transferred to a primary flask of 100 mL of 
NZ Amine medium and incubated at 36 ±2 "C for 22 hours 



at ISO rpm. The flask also included 1 mL of a 1:10 diluted 
phosphate solution (32 % (w/v)) and 0.5 mL of a 1:2 di- 
luted calcium chloride solution (53 % (w/v)).in a third pre- 
Culture about 5 mL of the primary culture was taken from 
the 100 mL primary shake flask and was inoculated into 
the 250mL of NZ Amine medium and incubated for 22 
hours at 36± 2 "C and 180 rpm. The culture also included 
2.5 mL of a 1:10 diluted phosphate solution (32 % (w/v)) 
and 1.25 mL of a 1:2 diluted calcium chloride solution (53 
% (w/v)). In the fermentation, 15 mL of the third pre- 
culture was used to inoculate 15 Lof NZ Amine medium in 
a fermentor. The culture also contained 100.7 mL of a 
0.32% (w/v) phosphate solution and 125 mL of a 1:2 di- 
luted calcium chloride solution (53 % (w/v)) and 23.44 mL 
of ferrous sulfate heptahydrate solution (0.1% (w/v). The 
fermentation was carried out under controlled tempera- 
ture of 36 ±2 "C, in a Braun Fermentor with 1 Rushton 
turbine impeller, using agitation of 600 rpm, with aeration 
of 1.57 wm through the headspace. After 25 hours offer- 
mentation the agitation was increased to 800 rpm and the 
fermentor was pressurized to 0.4 bar. The fermentation 
was continued for another 16 hours. 
[0031] Fermentation using the Toxiprotone Containing 



Mediums. l.lln a first pre-Cuiture a iyopliile seed was 
propagated from a lyopliile seed to a bacto-tryptose agar 
witli 5 % sheep blood agar plate and grown for 24 + 2 
hours at 36 ± 2 "C.in a second pre-culture the cells from 
blood agar plate were transferred to a primary flask of 90 
mL of medium and Incubated for 48 hours stationary at 
room temperature and then for 24 hours at 180 rpm and 
36 ±2 'C. About 1.6 mL of the primary culture was taken 
from the 90 mL primary shake flask and inoculated into 
800 mL of medium for 22 hours at 36 ± 2 "C at 180 rpm. 
The 800 mL of culture was then used to inoculate 10 L of 
medium in the fermentor. The fermentation was carried 
out in a New Brunswick Scientific Fermentor with 2 Rush- 
ton turbine impellers, Isparger and 4 baffles. The culture 
was agitated at 220 rpm, with aeration of 0.2 wm at 36 
±2 "C. The pH was controlled between 7.5 to 7.6 using 
solution dextrose amino acid from 8 hours onwards until 
32 hours of fermentation was completed. The Lf/mL gen- 
erated was 80-90 Lf/mL. 
[0032] Fermentation using the CDIVI medium First Pre-CultureA 
wet frozen seed (Glycerol stock) was propagated on a 
CDM+5g/LYE agar medium and incubated at 36°C for 24 
hours. 



[0033] Second Pre-CultureThe culture on the plate was resus- 

pended in 5 mL of CDM+3g/LYE medium and 2.5 mL of it 
is used to inoculate the primary flask of 90 mL of the 
CDM+3g/LYE medium. The flask was incubated under 
constant shaking at 200 rpm for 24 hours at 36 'C. The 
primary flask also included 0.9 mL of a 1:10 diluted phos- 
phate solution (32 % (w/v)) and 0.45 mL of a 1:2 diluted 
calcium chloride solution (53 % (w/v)). 

[0034] FermentationAbout 800 mL of the third pre-culture was 
used to inoculate 10 L of CDM+3g/L YE medium in the 
fermentor. 100 mL of a 1:10 diluted phosphate solution 
(32 % (w/v)) and 50 mL of a 1:2 diluted calcium chloride 
solution (53 % (w/v)) and 3.4 mL of ferrous sulfate hep- 
tahydrate solution (0.1% (w/v). were added to the fermen- 
tation. The fermentation was carried out under controlled 
temperature of 36''C in a New Brunswick Scientific or B. 
Braun fermentor. The process parameters were: agitation 
of 250 rpm, aeration of 0.45 wm . The pH was controlled 
between 6.5 to 7.6 using 5N sodium hydroxide and 2.5M 
phosphoric acid during the fermentation. 

[0035] The amount of toxin quantified by flocculatlon method (Lf 
test) and ELISA (Table 7). 
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[0036] Fermentations were performed at the 240L scale using the 
CDIVI medium with different combinations of the maltose, 
iron, and phosphate concentrations. The results are sum- 
marized in Table 8 below: 



Table 8: 24dL ^oieiitations iising fhe animal camponentrftee CDM 



Maltose 

m ■ 


CoQc^trated 
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Vol. (L) 
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0.6 
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[0037] Although growth of 0D_^ of 15-20 was achieved, the 

600 

levels of toxin produced were 90-100 Lf/mL which is be- 



low the level obtained when a medium containing Pro- 
telnaclous material of animal origin such as NZ amine or 
Phytone Is used. 
[0038] A time course study of amino acid consumption showed 
that the amino acids such as (Asp, Glu, Asn, Ser, Gin, Gly 
and Thr) were consumed within 12 hours of fermentation 
as shown in 20L batches (Table 9) and are not available 
during the toxin expression phase 



Table 9: Tune course study of amino acid cpnsoinptfdn in the CDM medium 



Sampie 


ASP 


GLU 


ASN 


SER 




HIS 


GLY 


THR 


PALA 


ALA 


AR6 


TYR. 


VAL 


MET 


TRP 


PHE 
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LEU 


LYS 
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D!ph> 

20L*31 

T-0 


4.53 


6.42 


2.02 


4.02 


2.95 


2.75 


5.63 


3.66 
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0.16 
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2.2S 


7.82 
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2.01 


S.72 


7.20 
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.7.75 
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Mf 


0.17 
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•2.80 


13.65 
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0. 
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3.44 
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0 , 


0.97. 


0 


0.19 


0 


1.48 


0.30 


0 


12.54 


0.92 


Q.38 


1.87 


3.69 


1.05 


1.21 


3.71 


2.60 


7.04 


7.71 


16.36 


T*73,S 


0 


0.69 


0 


0.2t 


0 


146 


0.35 


0 


12.02 


0.62 


7.75 


1.72 


2AB 


0.69- 


1.11 


2.80 


1.67 


4.74 


8.05 


13.77 



Ttiese 'results suggested tliat Hie medium should be etkiched with either organic or inorganic 
nitrogen. 



[0039] Screening of organic and Inorganic nitrogen supplements 
A time course study of the amino acid consumption dur- 
ing the fermentation process showed that the key amino 
acids are consumed in the first 12-18 hours of growth 
and are not available In the later phase of fermentation 
when the toxin is produced. The medium should be sup- 
plemented with nitrogen to support the growth and in or- 
der to use amino acids in the medium as the precursors 
for the toxin synthesis. Yeast extract and ammonium sul- 



fate were added to the CDM as described below:The dif- 
ferent media used for growtPi of C diphtheriae and tlie pro- 
duction of diplitlieria toxin were:a)CDIVI + 5 g/L of yeast 
extract; b)CDI\/l + 5 g/L ammonium sulfate; andc)A modi- 
fied CDM containing half tlie concentration of amino acids 
in the medium + 5 g/L yeast extract and 5g/L ammonium 
sulfate. 

[0040] The production of diphtheria toxin in these fermentations 
is shown in Table 10 below: 

. ; Tabljs 10: P^iliK;titin of! diphtheria .toxii]r,m..CDli^ si^plemented with bi^g^c a^^ 
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[0041] Optimization of different components in the medium us- 
ing a statistical design to obtain higher toxin yieldA com- 
puter statistical design (FusionPro*) has been used to op- 
timize the media composition. In the design, 3 compo- 
nents (yeast extract, amino acid mixture and iron) at 3 
different concentrations are used as inputs in the statisti- 
cal design. A fractional factorial design was chosen (see 
Table 11), below: 
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The j)Ilo^hate md ealdute chloride soloticm^ mainjaitied as constant vatkbles. ' 



[0042] The phosphate and calcium chloride solutions are main- 
tained as constant variables. 

[0043] The experiment was performed under the different condi- 
tions and the amount of toxin produced was quantified by 
ELISA. Although the toxin concentration is around 150 Lf/ 
mL, the toxin produced is purer than when the animal 
component is used in the fermentation process. Response 
graph of yeast extract and amino acid amount was ex- 
trapolated to double the concentration of the amino acid 
mixture with the iron concentration at 0.34 mL/L, as 
shown in Figure 1. Under these conditions of yeast extract 
concentration (3 g/L) and amino acid concentration (2x), 
the amount of toxin is doubled according to the contour 



plot analysis. But in practice this cannot be readily imple- 
mented as it will increase the cost and also the osmolarity 
of the medium, leading to the death of the ceils. 

[0044] The statistical design has shown that there are important 
variable-interaction effects in the toxin yield. The most 
important effect (as shown in Figure 1) is the yeast ex- 
tract-amino acid interaction effect (A*B). Yeast extract and 
amino acid has a negative effect on toxin yield, if the 
yeast extract concentration is too high (i.e., 5g/L), the 
conditions will support bacterial growth but not toxin 
production. Also if the amino acid concentration is in- 
creased to two fold, this may create an unfavourable envi- 
ronment for growth perhaps due to an imbalance in the 
osmotic pressure. Hence the yeast extract and amino acid 
concentrations have to be optimized for the production of 
high toxin concentrations. The general regression statis- 
tics in Figure 5, show that the R square value is 0.92. This 
means that the observed toxin yield data is very close to 
the predicted toxin yield data generated by the FusionPro 
design. The optimum amount of toxin produced is at a 
yeast extract concentration of 3 g/L, an amino acid con- 
centration of 1 fold and iron concentration at 0.34 mL/L 

[0045] Based on the earlier fermentation experiments and the 



profile of amino acid consumption during growtli and 
toxin production phases, it was observed tliat tlie amino 
acids Asp, Glu, Asn, Ser, Gin, Gly and Tiir are consumed 
faster and are not available during the toxin expression 
phase. These are the key amino acids that are being de- 
manded in 2x concentration by the FusionPro extrapo- 
lated response plot instead of ail the 19 amino acids, to 
achieve the higher yields of toxin. Hence a shake flask 
study of the effect of the 2x concentration of the key 
amino acids (Modified CDIVIl+Sg/L YE) on the toxin syn- 
thesis was conducted. Doubling the concentration of the 
above-mentioned key amino acids doubled the toxin lev- 
els (289 \ig/ml) compared to Ix concentration (157 \xg/ 
ml) supporting the assumption that these amino acids are 
needed for the toxin synthesis that are being completely 
consumed during the growth. These conditions of 2x con- 
centration of these amino acids were scaled-up in the 20L 
fermentor and it was observed that the cell growth was 
poor. The optimized animal component- free medium was 
CDM+3g/L of yeast extract as shown below in Table 12. 



Table 12: Composition of CI)M+3g/L of yeast extract Medium 





: Quantity 


AqeticAcia 


/.z mJL 


Msitose 




oUt^ s>oatum Lactate 


1.7 mL 


Qfowth Factor Solution 


SmL 


10% L-Cystine (animal componeiitTfree). 


2mL . 


JBacto- Yeast extract 


3g 


L-Aspartic Acid 


G.5g 


.L-Glutamic acid . 




L^Asparagine, MtMaohydrate 




L-Serme 


0,5g 


L'Glutamine 


0.5g 


L^Histiame 


0.5g 


L-Glycme 


0.5g 


L-Threonine 


0.5g 


T a' ■ • • 

L-Argmme 


2g 


L-Valme 


■ ''1 

ig 


L-iryptopnan 


0.5g . 


L-rJienyiaiajiiiie 


Ig 


x-z-isoieucine 


Ig 


jLr«'i->euvine 


.2g 


L-Lysine Hydrochloride 


2g 


L-Proline 


2g 


3-Alanine 


0.5g 


L^Tyrosine 


0.5g: 


L-Methionine 


0.5g 


Water for Injection 


to lOOmL 



[0046] Purification and Detoxification of Diplitlieria ToxoidTen 
liters of culture from a fermentation was centrifuged at 
12,500 X g for 20 minutes at 4°C and tlie supernatant was 
collected. Tlie supernatant was then filtered through a 



0.22 \im membrane filter to remove residual bacteria. 
Ammonium sulfate 27 % (w/v) of was added to the filtered 
supernatant under constant stirring at 4°C and then een- 
trifuged at 12,500g for 20 minutes at 4°C. The super- 
natant was collected for further processing. Ammonium 
sulfate 13%(w/v) was added to this supernatant under 
constant stirring. The mixture was further stirred 
overnight at 4°C and then centrifuged at 12,500g for 20 
minutes at 4^C. The resultant pellet was dissolved in 
about 1000 mL of 0.9% (w/v) saline. 
[0047] jhe above toxin solution was diafiltered against 0.9 % 

(w/v) saline using an ultrafiltration unit with a 10 kDa cas- 
sette to eliminate the ammonium sulfate. The retentate 
was filtered through 0.22|am membrane filter and stored 
at 4-8°C. The retentate was diluted to 500 Lf/ml with 0.9 
% (w/v) saline prior to detoxification. The diphtheria toxin 
was at least 75% pure. Formalin 0.5% (v/v) and 0.5%(w/v) 
sodium bicarbonate were added to the diluted toxin solu- 
tion under constant stirring at room temperature for 20 
min. After 20 min 0.913% (w/v) L-lysine solution in 0.9% 
(w/v) saline was added and the mixture filtered through 
0.22[im membrane filter and incubated at 37°C for 6 
weeks under constant shaking for detoxification. The tox- 



Old was stored at 4-8°C. 
[0048] Characterization of tlie diphtlieria toxin and toxoid pro- 
duced using tlie animal-component containing and ani- 
mal-component free mediaThe diphtheria toxin and tox- 
oid produced using the animal-component containing and 
animal-component free media were analyzed on SDS- 
PAGE, Western Blot, a determination of the CD spectra, N- 
terminal sequencing. The results indicate that both the 
toxin and toxoid obtained using the using the animal- 
component containing and animal-component free media 
were essentially indistinguishable. 
[0049] Total protein concentration was preformed using bicin- 
choninic acid (BCA) in a microplate BCA assay and by 
comparison with a reference standard protein of Icnown 
concentration. 

[0050] SDS PAGESDS-PAGE was preformed to determine relative 
molecular weight (M^) of diphtheria toxin and toxoid, to 
assess the purity of toxin and toxoid; and to evaluate the 
distribution patterns of the protein bands. Proteins are 
analyzed by SDS-PAGE on a 12.5% polyacrylamide gel un- 
der reducing conditions. The gel is stained with 
Coomassie Blue, followed by densitometry analysis. 

[0051] Referring to Figure 2, there is shown an SDS-PAGE per- 



formed to determine relative molecular weiglit (M^) of 
diphtheria toxin and toxoid, to assess the purity of toxin 
and toxoid and to evaluate the distribution patterns of the 
protein bands. Proteins were analyzed by SDS-PAGE on a 
12.5% polyacrylamide gel under reducing conditions. The 
gel was stained with Coomassle Blue, followed by densito- 
metry analysis. The lanes are 1. MW markers (kDa) , 250, 
150, 100, 75, 50, 37, 25, 15, 10 kDa;;2. Diphtheria 
Toxin,CO3105(Animal Component Containing Medium); 3. 
Diphtheria Toxin Diph-20L-40F (Animal Component Con- 
taining Medium); 3. Diphtheria Toxin Diph-20L-48F (CDM 
+ Yeast Extract Containing Medium); 4. Diphtheria Toxin 
Diph-20L-50F (CDM + Yeast Extract Containing Medium); 
5. Diphtheria Toxin Diph-20L-55F (CDM + Yeast Extract 
Containing Medium); 6. Diphtheria Toxoid C03152; 
7.Diphtheria Toxoid Diph-20L-40F(Animal Component 
Containing Medium); 8. Diphtheria Toxoid Diph- 
20L-48F(CDM + Yeast Extract Containing Medium); 9. 
Diphtheria Toxoid Diph-20L-50F(CDM + Yeast Extract 
Containing Medium) Western blot analysis Referring to 
Figure 3, there is shown a Western blot analysis using a 
diphtheria toxin specific antibody. Samples were resolved 
on 12.5% SDS-PAGE gels, transferred to a PVDF mem- 



brane, and blotted with a DT-speclfic antibody. The lanes 
are 1. Relative molecular weight markers (kDa) , 250, 150, 
100, 75, 50, 37, 25, 15, 10 kDa; BioRad MW markers; 2. 
Diphtheria Toxin CO3105; 3. Diphtheria Toxin Diph- 
20L-40F (Animal Component Containing Medium); 4. 
Diphtheria Toxin Diph-20L-48F (CDM + Yeast Extract 
Containing Medium); 5. Diphtheria Toxin Diph-20L-50F 
(CDM + Yeast Extract Containing Medium); 6. Diphtheria 
Toxin Diph-20L-55F (CDM + Yeast Extract Containing 
Medium); 7. Diphtheria Toxoid C03152; 8. Diphtheria 
Toxoid Diph--20L-40F(Animal Component Containing 
Medium); 9. Diphtheria Toxoid Diph-20L-48F (CDM + 
Yeast Extract Containing Medium); 10. Diphtheria Toxoid 
Diph-20L-50F(CDM + Yeast Extract Containing Medium) 
N-terminal sequencingN-terminal sequence analysiswas 
used to monitor any protein modifications resulting in 
changes of the N-terminus. The proteins were resolved on 
a 12.5% SDS-PAGE gel and transferred to a solid support 
such as PVDF. The N-terminal amino acids are released 
and derivatized by the traditional Edman degradation pro- 
cess prior to identification by reversed-phase high perfor- 
mance liquid chromatography (RP-HPLC). The expected 
N-terminal sequences were observed for the manufactur- 



ing controls for diphtheria toxin and toxoid, as weil as the 
"animal-free" toxin/toxoid. 



- Table 13: N-terminal sequence of diph&eria toxin 



Lotr. 


Medium 


Seciuence 


; Matches ' . 


CO3105 


NZ Amine 


GADpVYPS$KSF 


Diphtheria Toxin protein 
GADDVVDSSKSF 


Diph.201>ll 


... NZAxnine 


GADDVVDSSKSF 


Diphtheria Toxin protein 
GADDVVDSSKSF 


Dipli-20L.31 


CDM + Yeast 
Extract (15 g/L) 


GADDWDSSKSF 


• „ Diphtheria Toxin protein 
GADDVVDSSKSF 


Diph-20L-33 . 


. CDM + Yeast 
Exfract{15e/LV 


GADDVVDSSKSF 


. Diphtheria Toxin protein 
GADDVVDSSKSF 


:. Dipli-20L-64 


CDM + Yeast 
Extractd5g/L) 


GADDVVDSSKSF 


Diphtheria Toxin protein 
GADDWDSSKSF 



Table 14: N-terminal sequence of diphtheria toxoid 



Lot# 


Medium 


Sequence 


Matches 


C03152 


NZ Amine 


GADDVVDSSKSF 


. Diphtheria Toxin protein precursor 
GADDWDSSKSF . 


Diph-20L-ll 


NZ Amine ■ 


GAD-VVDSSKSF 


> Diphtheria Tojcin protein, precursor 
. GADDWDSSKSF 


Diph-20L-64 


COM + 
Yeast Emct 
(15^) 


GADDVVD 


Diphflieriai Toxin protein precursor ' 
. GADDWDSSKSF 



. - missed sequence cycles due to instnnn^t problems 



[0052] Isoelectric focusing (IEF)The isoelectric point of the diph- 
theria toxin was estimated with the use of a reference 
proteins. Referring to Figure 3, there is shown an Isoelec- 
tric focusing gel. The lanes are: 1. lEF stds pi = 7.80, 
7.50, 7.10, 7.00, 6.50, 6.00, 5.10, 4.65; 2. Diphtheria 
Toxin CO3105 (Animal Component Containing Medium); 
3. Diphtheria Toxin Diph-20L-ll (NZ Amine Containing 
Medium); 4. Diphtheria Toxin Diph-20L-31 (CDM + Yeast 



Extract Containing l^edium); 5. Diplitlieria Toxin Diph- 
20L-31 (COM + Yeast Extract Containing IVIedium); 6. 
Diphtlieria Toxoid C03152(Animal Component Containing 
IViedium); 7. Diplitheria Toxoid Dipli-20L-11(CDI^ + Yeast 
Extract Containing iVIedium); 8. Diplitlieria Toxoid Diph- 
20L-31 (CDI^ + Yeast Extract Containing l\4edium); 9. 
Diplitlieria Toxoid Dipli-20L-31(CDIVI + Yeast Extract 
Containing Medium)CD spectroscopyCircular Dichroism 
(CD) analysis was used to determine inconsistencies in the 
conformation or secondary structures of various lots. The 
absorbance spectrum for circularly polarized light of the 
sample is analyzed by a software program to yield a rela- 
tive percentage composition of alpha-helix, beta-sheet, 
reverse-turn and random coil structure. Diphtheria toxin 
and toxoid were analyzed at 22'C using ajasco CD Spec- 
tropolarimeter. (see Figures 5-7). 

[0053] N-terminal sequencing. The proteins were resolved on a 
12.5% SDS-PACE gel and transferred to a solid support 
such as PVDF. The N-terminal amino acids are released 
and derivatized by the traditional Edman degradation pro- 
cess prior to identification by reversed-phase high perfor- 
mance liquid chromatography (RP-HPLC). 
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Claims 

[ci] We claim: 

1.A culture medium for cuituring a strain of Corynebac- 
terium diphtheriaeto produce a level of diphtheria toxin or 
an analog thereof wherein the medium is substantiality 
free of animal-derived products and comprises 

a. water; 

b. a carbohydrate source and a nitrogen source; 

c. a number of free amino acids in an initial concentration 
wherein the initial concentration of each free amino acid 
is not limiting for the level of production of the diphthe- 
ria toxin or the analog thereof. 

[c2] 2.The culture medium of claim 1 comprising ail naturally 
occurring amino acids. 

[c3] 3.The culture medium of claiml wherein the carbohy- 
drate source comprises maltose. 

[c4] 4.The culture medium of claiml substantially free of 
glucose. 

[c5] S.The medium of claim 1 wherein the nitrogen source 
comprises yeast extract. 



[c6] e.The culture medium of claim 1 or 2 or 3 or 4 or 5 
wherein the medium Is devoid of animal-derlved prod- 
ucts. 

[c7] 7.A medium for Corynebacteriam diphtheriae comprislng:a 
carbohydrate source and a nitrogen source and an addi- 
tive system that comprises at least four free amino acids 
being each in an amount sufficient to promote a level of 
diphtheria toxin or an analog thereof production by 
Corynebacterium diphtheriae wherein the medium is sub- 
stantiality free of animal-derived products. 

[c8] S.The culture medium of claim 7 comprising all naturally 
occurring amino acids 

9.The medium of claim 7, wherein the carbohydrate 
source is maltose. 

[c9] lO.The medium of claim 7, wherein the nitrogen source 
is yeast extract. 

[ciO] ii.The medium of claim 7 or 8 or 9 wherein amino acid 
concentrations are in the range from about to 0.5 grams 
to about Igram per litre of the medium. 

[cii] 12.The culture medium of claim 7 or 8 or 9 or 10 or 11 
wherein the medium Is devoid of animal-derlved prod- 
ucts. 



Ici2] 13. A method for the production of diphtheria toxin or an 
analog thereof comprising the steps of:culturing a strain 
of c diphtheriae in a culture medium under conditions 
that allow production of diphtheria toxin, wherein the 
culture medium is substanitailiy free of animal-derived 
products and comprises comprises water; 

a. a carbohydrate source and a nitrogen source; 

b. a number of free amino acids in an initial concentra- 
tion wherein the initial concentration of each free amino 
acid is not limiting for the level of production of the 
diphtheria toxin or the analog thereof. 

[ci3] l4.The method of claim 13, wherein the culture medium 
comprises all naturally occurring amino acids. 

[ci4] 15. The method of claim 13, wherein the carbohydrate 
source comprises maltose. 

[ci5] l6.The method of claim 13, wherein the culture medium 
is substantially free of glucose. 

[ci6] iZ.The method of claim 13, wherein the nitrogen source 
comprises yeast extract. 

[ci7] iS.The method of claim 13 wherein the C diphtheriae 
strain is grown until stationary phase. 

[ci8] 19.The method of claim 13 wherein a production of at 



least 100 Lf/mL of diphtheria toxin or analog thereof is 
obtained. 

[ci9] 20.The method of claim 10 further comprising a step of 
recovering the diphtheria toxin or analog thereof to pro- 
vide a recovered diphtheria toxin or analog thereof. 

[c20] 21.The method of claim 17 further comprising a step of 
purifying the recovered diphtheria toxin or analog 
thereof to provide a purified diphtheria toxin or analog 

thereof. 

[c2l] 22.The method of claim 17 or 18 further comprising a 
step of detoxifying the recovered or purified diphtheria 
toxin or analog thereof to provide a diphtheria toxoid or 
analog thereof. 

p22] 23.The method of claim 19 further comprising formulat- 
ing the diphtheria toxoid or analog thereof as a vaccine 
for immunizing a host agaisnt diseaase caused by infec- 
tion by C diphtheriae. 

[c23] 24.The method of any one of claism 13-23 wherein the 
I medium is devoid of animal-derived products. 

[c24] 25.A method of immunizing a host against disease 

caused by infection by C diphtheriae comprising adminis- 
tering the vaccine of claim 23 to the host. 



[c25] 26.The use of the vaccine of claim 23 for immunizing a 
host agaisnt diseaase caused by infection by c 

diphtheriae. 

[c26] 27.The use of the diphtheria toxoid or analog thereof of 
claim 22 in the prepration of a medicament for immu- 
nizing a host agaisnt disease caused by infection by C. 

diphtheriae. 

[c27] 28.A composition comprising a C diphtheriae strain and a 
culture medium for producing diphtheria toxin or analog 
thereof wherein the medium is substantiality free of ani- 
mal-derived products and comprises wherein the culture 
medium is substanitailly free of animal-derived products 
and comprises comprises 

a. water; 

b. a carbohydrate source and a nitrogen source; 

c. a number of free amino acids in an initial concentration 
wherein the initial concentration of each free amino acid 
is not limiting for the level of production of the diphthe- 
ria toxin or the analog thereof. 

[c28] 29.The composition of method of claim 24, wherein the 
culture medium comprises all naturally occurring amino 
acids. 



[C29] 



30.The composition of method of claim 24, wherein the 



carbohydrate source comprises maltose. 



,[c30] Bl.The composition of claim 24, wherein the culture 
medium is substantially free of glucose. 

[c3i] 32.The composition of method of claim 24, wherein the 
nitrogen source comprises yeast extract. 

[c32] 33.The culture medium of claim 21 or 22 or 22 or 23 or 
24 or 25 wherein the medium is devoid of animal-de- 
rived products. 

[c33] 34.A method for producing diphtheria toxin or an analog 
thereof comprising growing a culture of Corynebacterium 
diphtheriae in a medium and providing at least one se- 
lected amino acid to the culture to prevent concentra- 
tions of the selected amino acids being limiting for toxin 
production wherein the medium is substantiality free of 
animal-derived products. 

[c34] 35.The method of claim 1 wherein the medium further 
comprises a yeast extract. 

[c35] 36.The method of claim 4 wherein the yeast extract is 
present at a concentration of about 3g/L concentration 
of amino acids. 

[c36] 37. In a culturing method of Corynebacterium diphtheriae in 
a medium containing amino acids for producing a level 



of production of diphtheria toxin or an analog thereof 
and in which at least one selected amino acid Is depleted 
during the culturing and limits the level of production of 
the diphtheria toxin or the analog thereof, the improve- 
ment comprising an exogenous addition of an additional 
amount of the at least one selected amino acid during 
said culturing and wherein the at least one selected 
amino add Is not limiting for the level of production of 
the diphtheria toxin or the analog thereof. 

[c37] 38.The method of claim 33 wherein the at least one se- 
lected amino acid is selected from the group consisting 
of Glu, Asn, Ser, His, Gly, Thr, Met, Trp, and Isoleuclne. 

[c38] 39.The method of claim 33, wherein the medium com- 
prises a yeast extract. 

[C39] 40.The method of claim 35 wherein the yeast extract Is 
present at a concentration of about 3g/L 
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PRODUCTION OF DIPHTHERIA TOXIN 

Abstract 

A bacterial growth medium and a process for the production of 
diphtheria toxin or analogs thereof are provided. The medium is 
substantiality free of animal-derived products and comprises wa- 
ter, a carbohydrate source and a nitrogen source and a number of 
free amino acids in an initial concentration wherein the initial 
concentration of each free amino acid is not limiting for the level 
of production of the diphtheria toxin. l\/iethods for the production 
of diphtheria toxin, or analog thereof toxoiding and formualting 
vaccines and mehtods of their use are provided wherein the diph- 
theria toxin and toxoids are substantiality free of animal-derived 
products. An improvement in producing diphtheria toxin or ana- 
log thereof by Corynebacterium diphtheriae in a medium contain- 
ing amino acids and in which an amino acid is depleted during the 
culturing and limits the level of production of the diphtheria toxin 
or analog thereof, comprising an exogenous addition of an addi- 
tional amount of the amino acid during culturing. 



Figure 2 -SDS-PAGE analysis of diphtheria toxin and toxoid produced using the animal- 
cQmponent containing and ammalHxnnpo 
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. BioRadMW markers 

L Diphtheria Toxin C03 105 

. Diphtheria Toxin Diph-20L-40F (Animal Component Containing Medium) 

. Diphtheria Toxin Diph-20L48F (CDM + Yeast Extract Containing Medium) 

. Diphtheria Toxin Diph-20L-50F (CDM + Yeast Extract Containing Medium) 

. Diphtheria Toxin Diph-20L-55F (CDM + Yeast Extract Containing Medium) 

. Diphtheria Toxoid C03152 



Diphtheria Toxoid Diph-20L-48F(CDM + Yeast Extract Containing Medium) 
0. Diphtheria Toxoid Diph-20L-50F(CDM + Yeast Extmct Containing Medium 
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6. Diphtheria Toxin Diph-20L5SF (CDM + Yeast Exttaet Containing Mediimi) 

1 D^^hieiia Toxoid CG3152 

8. Kphtheria Toxoid Diph-2ffL-40FtA^ 

9. Diphfteria Toxoid Diph^GM ^ Yeast Extet Containing Medium) 



igiire 4: Isoelectric gel analysis of diphtheria toxin and toxoid produced using the ammal>- 
!omp,onent containing and animal-component free medi^ 
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2/Diphtheria Toxin CO3105(Anunal Component ContaimngMe^^^^ 

3. Diphtheria Toxin Diph-20L-1 1 (NZ Amine Containing Medium) 

4. Diphtheria Toxin Diph-20L-31 (CDM+ Yeast Extract Containing Medium) 

5. Diphtheria Toxin Diph-20L-31 (CDM + Yeast Extract Containing Medium) 

6. DiphtheriaToxoid C03152(Animal Component Containing Medium) 

7. DiphtheriaToxoid Diph-20m(CDM+ Yeast Extract Containing Medium) 

8. Diphtheria Toxoid Diph-20L-31 (CDM + Yeast Extract Containing Medium) 

9. Diphtheria Toxoid Diph-20L-31(CDM+ Yeast Extract Containing Medium) 
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